A new genome-wide analysis of spliceosomal introns indicates massive loss and gain of introns has taken place in many eukaryotic lineages. Only a small subset of the analyzed introns was present in the common ancestor of plants, fungi, animals and Plasmodium.
Since introns were discovered in 1977 [1] , a continuing debate has raged over their origin, evolution, potential role in the evolution of genes and possible benefit for the host organism. Currently, all known introns can be divided into three groups based on their splicing mechanism. Group I and group II introns are self-splicing; group II introns are abundant in Bacteria and were recently found in the Archaeal genus Methanosarcina [2] . The third group of introns, the so-called spliceosomal introns, require a sophisticated complex consisting of small nuclear RNAs (snRNAs) and proteins -the spliceosome -to splice out of heterogeneous nuclear (hn)RNA to form messenger (m)RNA. Spliceosomal introns are found only among the Eukaryotes; they are widely distributed throughout the Eukaryotic domain, including the presumably deep-branching eukaryotes Giardia lamblia and Carpediemonas membranifera where a few spliceosomal introns were recently discovered [3, 4] . Two rival theories have been put forward to explain the origin of the spliceosomal introns. The 'intronsearly' theory, originally proposed by Walter Gilbert [5] and Ford Doolittle [6] , postulates that introns appeared early in the evolution of life and subsequently were lost in most prokaryotes. The early introns were postulated to have facilitated the evolution of protein families through exon shuffling. The alternative, 'introns-late' theory proposes that introns invaded eukaryotic genomes sometime after the Eukaryotes separated from the other domains of life. This invasion must have occurred early in eukaryotic evolution, given that introns have been found even in some deep-branching eukaryotic lineages.
Although the proponents of the introns-late theory consider the matter mainly resolved in their favor ( [7] for example), the supporters of the opposing theory do not agree ( Dai et al. [11] observed that group II introns are often located in intergenic regions in Bacteria, suggesting their mobility as parasitic genetic elements. Group II and spliceosomal introns both form a lariat structure during the catalytic process, while group I introns do not. Defective group II introns that are non-functional because of the lack of a specific RNA loop can undergo self-splicing in the presence of U5 snRNA [12] . The reverse also has been documented: a domain of a group II self-splicing intron can substitute for the U6 snRNA of the spliceosome [13] . These observations strongly suggest that the spliceosome evolved from group II self-splicing introns. The group II introns might have invaded the genome of the eukaryotic ancestor following horizontal gene transfer, for example, from the mitochondrial endosymbiont [14] .
Biologists often assume that complex traits are the result of natural selection, and that therefore these traits conveyed important selectable functions. Arlin Stoltzfus [15] and Ford Doolittle (personal communication) offer a refreshing new perspective in their theory of constructive neutral evolution. As an example of the emergence of a complex character, they discuss the evolution of spliceosomal introns from group II introns. They explain the transition from self-splicing to spliceosomal machinery in three stages of gratuitous transformations without invoking any adaptive benefits for the organism at each stage.
In this scenario, the first step is fragmentation of catalytic parasitic introns into trans-acting snRNAs. In the second step, most of the introns loose their self-splicing ability and become dependent on snRNAs coded by other introns to splice out. And in the third step, the accretion of proteins to the spliceosome occurs by inevitable interaction between RNAs and the proteins in the cell that tend to stabilize the native RNA structure in the presence of mutations [15] . Each of these steps was essentially irreversible: once a step had happened, there was no returning to a previous stage without decreasing the fitness of an organism. This theory elegantly explains the origin of the complex spliceosomal machinery by gradual neutral changes.
In a recent issue of Current Biology, Igor Rogozin and colleagues [16] reported a genome-scale analysis of the distribution of spliceosomal introns and their gain and loss in genes. They analyzed the presence and absence of orthologous introns in eight completely sequenced eukaryotic genomes, and inferred the most parsimonious history for the evolution of the introns in the respective genes. They made several observations that have the potential to elevate discussion of the 'intronsearly' versus 'introns-late' theories to a new level. First, they found that large numbers of introns had been lost and gained in the different lineages ( Figure  1 ). For example, the common ancestor of the animal and fungal lineages is inferred to have had 1616 introns: more than 1200 of these were lost in the lineage leading to the yeasts; over 1800 losses occurred in the lineage leading to the insects (balanced by 2000 gains); and more than 5500 gains took place in the lineage leading to humans. As a corollary, because of the massive losses in the insect and fungal lineages, humans share more orthologous introns with the plant Arabidopsis thaliana than with the more closely related animals and fungi.
A few conserved spliceosomal introns are inferred to have been present in the common ancestor of plants, fungi, animals and Plasmodium. The inferred number crucially depends on the assumed organismal phylogeny. If Plasmodium is assumed to be on a lineage branching off before the plant-animal-fungal ancestor, 210 introns are inferred to be present in the common ancestor of the analyzed genomes. The number of early introns is much higher for the topology that assumes that the protists split off together with the plants [17, 18] .
These findings are in agreement with the mixed model of intron evolution: a few introns apparently were gained very early in the evolution of Eukaryotes, and this was followed by extensive loss and gain of introns during the course of eukaryotic diversification. Fewer than 4% of the human introns considered in [16] are inferred to have been present in a common ancestor of the analyzed genomes. In the past it had been postulated that the phase in which introns are inserted into the open reading frame correlated with antiquity of introns. Early introns were assumed to be frequently inserted in phase zero. If neighboring introns were in phase zero, exon shuffling would not result in a frameshift mutation or amino acid replacement at the exon boundary. Surprisingly, the assumption that early introns tend to have phase zero appears to be invalidated by the work of Rogozin and colleagues [16] , who found that the excess of phase zero introns over phase one and phase two introns is slightly larger for the recently acquired introns than for the older ones. The introns identified as early by Rogozin and colleagues [16] provide a set whose properties and insertion sites might offer clues to function and utility, if any, of introns in early protein evolution. 
